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The Rulison flaring operation offers  a unique opportunity for  . 

. resea rch  on the movement of t r i t ium through a na tura l  open ecosystem. 

Several  of the proposed field measurements  cannot b e  duplicated by 
. . 

laboratory investigations. In addition, field verification of pa ramete r s  

that a r e  amenable to laboratory study o r  of derived p a r a m e t e r s  i s  

always highly desirable whenever such studies a r e  feas ib le .  The  

Rulison si te  is particularly appropriate f o r  study a t  this  t ime since its 

source and ecology a r e  much m o r e  representative of proposed new s i tes  

of gas stimulation experiments than any other a k i l a b l e  study site.  

The ecological experiments proposed here  and  the ecology p rogram 

which the U. S. Public Health Service will  c a r r y  out a r e  supplementary 
. . 

to each other and not duplicative. Our p rogram has  v e r y  specific 

objectives, including the measurement  ,of p a r a m e t e r s  r e l a t e d  to model 

building. I t  would be accomplished by intensive sampling.  o v e r  a shor t  

peridd of time. The PHS program is m o r e  concerned with the  fate of 

the rele=sed tr i t ium over long; integrated t ime pe r iods  without the 

measurement  of the s a m e  specific parameters .  The. exper iments  outlined 



below represent a continuation of studies on the movement of tritium through 

the biosphere that Division Scientists have been conducting over the past 

six years. 

Objectives 

The general objectives of this program would be to determine the 

movement of tritium through an  exposed, open ecosystem,' and to acquire 

sufficient quantitative data to adequately evaluate the combined predictive 

efforts made by many organizations: for the Rulison flaring operation. 

Within the context of these objectives, the . following parameters will be 
. 

evaluated under actual field conditions wherever the tr i t ium levels a re  

sufficient to permit measurement. 

1. Deposition velocity of tritium. 

2. Fraction of t r i t ium depos ited upon vegetation. 

. . 

3.  Half-residence t ime of tritium deposited upon vegetation. 

4. Half-residence t ime of tritium in soil. 

5 .  Transfer of tr i t ium ingested by dairy cows (via forage) per 

liter of milk. 

6 .  Rate of incorporation of tritium into organic matter by 

exposed organisms. 

7. Transfer of tr i t ium between trophic levels. 

A interest  i n  the study would be the evaluation of 

possible isotopic fractionation mechanisms between organic matter and 



f r e e  water. The field studies a r e  designed to test  current models of 

tritium movement through the environment, and to provide data to. improve 

, - these models if necessary. 

Experimental Procedures 

The experimental plan is 'divided into two parts: the rapid location 

of exposed a r e a s  and further detailed studies of exposed areas .  If nb areas  

can be fou'nd that a r e  exposed a t  levels significantly above background, the 

second phase would not be pursued. Most of the measurements will have 

to be completed 'within a few days following any one of the three'  high- rate 

flaring periods, so that re-exposure is not a factor. An exception would 

I 
be the determination of the half-residence time in soil. This measurement 

could not be started until a large fraction of the total activity had been released, 

and would necessarily extend over a lengthy period. Suitable background 

~ samples will be collected before flaring begins. 

1. Location of Exposed Areas. Areas of possible exposure will 

I be located by fielding 45. atmospheric moisture condensers a t  locations 

within the ~ I a n d  Valley-Morriaania Mesa- Holme Mesa a r e a  (see  map) 

that might be expected to be exposed under nighttime wind conditions. 

These samplers will be operated during the high- rate, flaring operations, 

and water collected a t  two hour intervals during. favorable wind conditions. 

The analysis of these samples will be done in the field, and results should 
I 

be available within several  hours after collection. I t  will not be possible 

to field sampler a in a r e a s  of expected, exposure during. daytime wind 

conditions due to the rough terrain. 



2. Detailed Studies of Exposed Areas. If such a reas  a r e  located, 

the following samples  would be collected simultaneously a t  daily intervals: 

air mois ture ,  so i l  a t  severa l  depths down to 'a few. centimeters, vegetation, 

available sma l l  mammals ,  surface water, and milk if dairy cows a r e  

within the exposed a rea .  The collection of soil samples a t  several depths 

down to six feet would be 'started later and a t  much longer sampling . 

intervals .  Sample collection trips into areae  of pos sible daytime exposure 

may a l so  be attempted a t  this  time. 

Analytical Methods 

A liquid scintillation counting facility will be established in the 

vicinity of Rifle which will be used to analyze the atmospheric samples. 

The sensitivity of this analysis will be a t  least  as  good a s  7 pCi/ml 

3 
(about 20 pCi / m of air) f o r  a ten minute count. Aliquots of these samples 

wil l  b e  saved if  necessary for .more sensitive analysis by direct gas counting 

o r  m o r e  sensit ive liquid scintillation counting (sensitivities of 0. 1 and 0.4, 

respectively,  f o r  a 100 minute count). Meas'urements of relative humidity 
. . .. . 

t empera ture ,  and p re s su re  will  be made s o  that tritium concentration 

values in atmoepheric water  may be converted to concentration per unit 

volume of .air. Two wind velocity recorders will also be placed in the a r ea  

t o  a id  in the interpretation of data. 

Samples other than atmospheric moisture will be returned to Livermore 

f o r  preparat ion and analysis .  Biological and soil samples will be lyophilized 
. .. 

and the  f r e e  water  analyzed. Organic residues will be combusted and 



Needed Cooperation with Other Agencies 

We a r e  fully aware of the sensitivity of the residents within the a rea  

to indiscriminate sample collection. Coordination of all  field activities 

wi thmembers  of the U. S. Public Health Service and other pertinent agencies 
. - . . 

I _ _ _ -  

. i s  therefore highly desirable. ' It may be useful to extend such coordination 

to  cooperative sampling programs in a reas  where tritium levels would be 

high enough for extended study, particularly where pasture grass and 

milk samples a r e  required. This would have the additional benefit of providing 

a cross  calibration between the two laboratories. Collaberation with 

AEC-NVOO and ESSA will be sought to  provide information on the general 

meteorological conditions affecting the plume movement. 

Funding 

This would be an add-on, non- interference experiment, All funds 

would be provided through the Division of Biology and Medicine of the AEC. 
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. .. . - : Radioact$vity of Ground Water . 

I s o t o p e s ,  I n c . ,  a n  AEC s a f e t y  c o n t r a c t o r ,  p r e d i c t e d  codtcentra- 

t i o n s  a n d  movement o f  r a d i o n u c l i d e s  I n  w a t e r  f o r  t h e  R u l i s o n  

d e t o n a t i o n  and conc luded  t h a t  t h e  occur rence  o f  l e v e l s  of r a d i o -  

a c t i v i t y  exceeding  t h e  a p p l i c a b l e  concen t r a -  

t i o n  g u i d e s  was n o t  l i k e i y  a t  any  use  point . ( f ihhe n e a r e s t  u s e  p o i n t  

f o r  ground w a t e r  is  t h e  community of M o r r i s a n i a  Mesa, app rox i -  

mately  t h r e e  m i l e s  from t h e  d e t o n a t i o n  p o i n t ,  where w a t e r  f o r  

domes t ic  u s e  is  t a k e n  from r e l a t i v e l y  sha l low w e l l s  pene- ' 

t r a t i n g  a l l uv ium.  (11) Mor r i s an i a  Mesa l i e s  approxi -  

mately  6,000 f e e t  above t h e  d e t o n a t i o n  pointJ* a l m o s t  t h e  

e n t i r e  t h i c k n e s s e s  o f  t h e  Mesaverde and Wasatch Format ions  

s e p a r a t e  t h e  wa te r -bea r ing  a l l u v i u m  from t h e  R u l i s o n  chimney, 

and movement of r a d i o n u c l i d e s  from t h e  chimney t o  t h e  a l luv ium 

is ve ry  improbable.  , ~ o v e m e n t  of  r a d i o n u c l i d e s  t o  t h e  Colorado 

River ,  which l i e s  a b o u t  5,000 f e e t  above t h e  chimney and  a t  w 
. l e a s t  f i v e  m i l e s  d i s t a n t ,  is a lso  u n l i k e l y .  

L i t t l e  i n f o r m a t i o n  is  a v a i l a b l e  conce rn ing  occur rence  and 

movement of ground w a t e r  o r  magni tudes  o f  h y d r a u l i c  g r a d i e n t s  

e x i s t i n g  i n  t h e  Mesaverde Formation nea r  t h e  Ru l i son  chimney. 

The USGS i n d i c a t e s  tha t  u s a b l e  ground w a t e r  i n  t h e  Rul i son  

a r e a  is p r i m a r i l y  l i m i t e d  t o  a l l u v i u m  and t e r r a c e  d e p o s i t s ,  

and t h a t  t h e  u n d e r l y i n g  bedrock format  i o n s  (Green River ,  

Wasatch, Ohio Creek Conglomerate,  and Mesaverde Format ions)  a r e  

g e n e r a l l y  impermeable and y i e l d  l i t t l e  w a t e r .  F r o m  o b s e r v a t i o n s  

made d u r i n g  t h e  d r i l l i n g  of t h e  e x p l o r a t o r y  h o l e  R-EX.' t h e  USGS 
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concluded '  t h a t  l i t t l e  moblle w a t e r  cccu r s  i n  t h e  fo rma t ions  

p e n e t r a t e d  by the  liole. (11) , 

eking s b f  f i c i e n t  d a t a  t o -  p r e d i c t  a c c u r a t e l y  t h e  f a t e  of 

r a d i o n u c l i d e s  from the  detonation-&, d~;p 
t h e  e f f e c t  on the  hydro log ic  environmentAKby' ass,uming 

( 1  /cs 
. . t h a t  r a d i o a c t i v i t y  . .  .. from t h e  de tona t ion-  un i formly  mixed 

w i t h  a q u a n t i t y  . o f  water  e q u i v a l e n t  t o  t h e  v o i d  volume o f  t h e  

chimney. Since. '  s i g n i f i c a n t  p r o p o r t i o n s  of t h e  r e f r a c t o r y  

r a d i o n u c l i d e s  such as s t r o n t i u m  a r e  known t o  be immobilized . 
i n  the melted zone a t  t h e  bottom of t h e  chimney, t h i s  i s  a con-  

/rim7 
s e r v a t i v e  assumption.  t h i s  assumption and t h e  e s t i m a t e d  

t r i t i u m  produc t  ion from- Table  1, t h e  r e s u l t i n g  t r i t i u m  concen- 

t r a t i o n  would be 0.17 1 1 C i / m l .  .. . The co r r e spond ing  c o n c e n t r a t i o n s  

of  Cs-137 and Sr-90 would be 0.12 i!Ci/ml and 9 .8 '  x u ~ i / r n l ,  

r e s p e c t i v e l y .  These c o n c e n t r a t i o n s  ar.e app rox ima te ly  170,. 
4 1.8 x 10 , and 1 x l o 6  t i m e s  t h e  c o n c e n t r a t i o n  g u i d e s  f o r  

t r i t i u m ,  Cs-137, and Sr-90, r e s p e c t i v e l y .  The c o n c e n t r a t i o n  - 
g u i d e s  a r e  t a k e n  from t h e  AEC Manua-1, Chapter  0524,  Annex A,  

Tab le  11, Column 2 and a r e  reduced by a f a c t o r  o f  t h r e e  t o  be 

c s i s t e n t  w i t h  s t anda rds  f o r  p o p u l a t i o n  groups  and i n d i v i d u a l s  

il. u n c o n t r o l l e d  a r e a s .  (Note t o  rev iewer :  t h e s e  g u i d e s  w i l l  

b e  changed t o  re fe rence  t h e  a p p r o p r i a t e  FRC recommendations i n  

a l a t e r  d r a f t . ) .  

The Green R ive r ,  Wasatch, ' Ohio Creek Conglomkrate , and Mesa- 

rerde Formations d i p  t o  t h e  n o r t h  a t  abou t  t k o  d e g r e e s .  (11) 

:n t h e  absence of d i s t u r b a n c e s ,  the h y d r a u l i c  g r a d i e n t  c o u l d .  

e a s o n a b l y  beassumed t o  follow t h e  d i p  of t h e  b e d s ;  f l a w  o f  

.'round wa te r  would a l s o  follcrw t h e  d i p  05 the  beds. Assuming 

=he beds  'were s a t u r a t e d .  and t h e  p o r o s i t i e s  and p e r m e a b i l i t i e s  

lo r respond  t o  t he  va lues  ' g i v e n  as  ave rage  r e se rvo i r . ' '  c h a r a c t e r -  

~ s t i c s  f o r  t he  Rulison F i e l d  ( l o ) ,  the expec ted  ave rage  
, . 

: t r a c e r )  v e l o c i t y  of t h e  ground w a t e r  would. be l e s s  t h a n  one 

ioot/year/ ( S e e  Appendix' D ) 4 



Assuming that  the Rulison detonation i n i t i a l l y  increased m t m d  

water v e l o c i t i e s  in the v ic in i ty  of the chimney 'by a factor o f  200(see Appendix D ) ,  

i n i t i a l  post-shot veloci t ies  a s  high a s  150 feet/year migbt occur, If 

these ve loc i t i e s  were sustained indef in i te ly ,  trltium would migrate l e s s  

than three..,miles before radioactive decay would reduce the concentration 

-3 
to 1 x 10 uCi/ml, the appropriate guide recommended by AEC Manual 0524. 

'his estimated reduction ignores d i lu t lon  by diffusion and mixing, 

Trit ium can be assumed to mve w i t h  the veloci ty  of ground water, 

but Cs-137 and Sr-90,will be retarded by i o n  exchange with t h e  medium, 

depending on a property of the combination of m e d i u m  and ground water 

called the d is t r ibut ion  coefficient, Kd. Values of Kd for racks i n  the . 

Rulisan area  were not measured, but Isotopes, Inc, has reported values 

* 
f o r  sandstones and ground water  i n  the  Gasbuggy area which w i l l  be 

assumed to be representative of the Rulison a rea i l  5). Using these 

*ralues) e f fec t ive  veloci t ies  of movement f o r  Cs-137 and Sr-90 a re  calculated 

i n  Appendix D, Assuming the i n i t i a l  increase i n  ground water ve loc i t i e s  

caused by the detonation i s  prolonged indef in i te ly ,  Cs-137 would move only 

'a few dozen- f e e t  before decaying below t h e  concentration guide of 
-5 

0.67 x 10 u~l/ml,  Under the same conditions, Sr-90 would move less . 
-7 

than one-half mile before decaging below i t s  concentration guide of 1 x 10 u ~ i / m  

lhese es t iaa ted  velocf t i e s  of Mvement a re  conservative because t h e  

i n i t i a l  inc5rpase . in  ground water v e b c i t i e s  wi t persis t  indef in i te ly ,  + 
because entrapment of r ad ionuc~des  'in the melted zone i s  ignored, ,and 

because d i l u t i o n  of radionuclide. concentrations by rnidng and d i f  fc C! an 



I Since the b?esavet=de sandstones a r e  not l r~ tura ted  wit.+ w a t e r ;  a ground 

/ ter anomaly of the type discussed in Appendix D night not ha& bein 

w.ated, and in this case the' assumed i n i t i a l  increase i n  grdund water , 

. ' d  f 
d l o c i t i e s  would no t  have occurred. Ihe estimten groundwater movement 

5 based on the  assumption t h a t  the  entire Mesaverde Formation has the 

mnneabi l l t i es  and po ros i t i e s  reported for  the sandstone lenses; however 

the Mesaverde cons is t s  of sandstone l enses  interbedded w i t h  ahales of 

much lower permeabi l i t ies  (1 0,l i  ). Permeabilities of the shales could 

reasonably be expected to be tub orders of magnitude smaller than the 

permeabill t iea of the paying s a n d s t o n e l e n ~ s  (16), and p u n d  water , . 

v e l o c i t i e s  i n  the shale would then be much smaller (see Equation D-1). 

Values of Kd for sha le  would be l a r g e r  than fo r  sandstone, result ing i n  
which are  

much  lower e f f ec t ive  v e l o c i t i e s  f o r  radionucl.ides/retarded by ion exchange. 

. . - DPrlm the period when gas i s  

released from the uell, hydraulic gradients I n  the portion of the gas- 
. . 

producing rock contacted by the chimney - w i l l  drive I water toward 

the w e l l  because chimney pressure will be lower than the  pore pressure 

of the  formation. Unt i l  gas producaon from the w e n -  ceases , no 

migration of radioactAvity away f r o m  the chimney can occur. 

For the  above ramon8 d m f i c a n t  c o n c ~ t r a t i o n s  
'?fd 

of radionuclldes in water 'at a.ny,nse paint Sb considered 
A 



. . Table I 2adionuclide Act irity a t .  TO + ? S O  days . . 
~ e s u l t i n g  frm, Detonation sf 4C F i s s i o n  K i l o t o n s .  

h'uclide Half-ii  fe - Curies 
&I 6' 

10.76 y 0.96 x 10' - sreS 
50.6 d 0.91 x l o6  

40 d 
57 min 

1-0 Y 
30 sec 

8.05 d 

5.27 d 

-30 y. 

2.6 pin 

~e' 'I 32.5 d 0.52 x 10' 

PzJ 43 13.7 d 0.63 x 103 
. ~ ~ 1 4 4  285 d 1.47 x 10" 

I+ 44 17.3 nin  1.47 x 16' 

Pa? 47 2.6 y 0.26 x ;oS 
I? 12.27 y 1. 0 lo4 

NOTES. I b i s  tab le  was taken f r o m  reference 15. 
a 
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I APPENDIX 

ESTIMATION OF GROUND WATER VELOCITIE 

A n  e x p r e s s i o n  for  t h e  average  v e l o c i t y , , o f  ground w a t e r  f l o w  

under  Darcian c o n d i t i o n s  i s  (2.3, 2 4 )  : 

k s dp 
v = - -  Equat ion D - 1  

WHERE : 

v  = T r a c e r  v e l o c i t y ,  fee t / second  

s = S p e c i f i c  we igh t  of w a t e r ,  l b s / f t 3  = 59.8 l b / f t  3 

a t  21S°F 

u = V i s c o s i t y  of w a t e r  a t  fo rmat ion  t empera tu re  

= 0.59 x l b - s e c / f t 2  (approx imate )  

n  . =  . Format ion p o r o s i t y  

dP - = 
dx Pressure. g r a d i e n t  or h y d r a u l i c  g r a d i e n t ,  f e e t  of 

w a t e r  per f o o t  o f  d i s t a n c e  

2 
k = P e r m e a b i l i t y  of  the s a t u r a t e d  medium, f t  

The repor ted  ave rage  p e r m e a b i l i t y  and  p o r o s i t y  of  the  s ands tone  

l e n s e s  of t h e  Mesavejrde Formation are 0.5 m i l l i d a r c y s  and 8-lo%, 

r e s p e c t i v e l y .  Using t h e s e  v a l u e s  i n  Equat ion D-1 and assuming 

t h e  h y d r a u l i c  g r a d i e n t  i s  approx imate ly  e q u a l  t o  t h e  d i p  of 

t h e  beds ,  t h e  e s t i m a t e d  p re -de tona t ion  ground w a t e r  v e l o c i t y  

is approximately  0.7 ft/year . T h i s  development assumes t h a t  

the medium is s a t u r a t e d .  



A well-known study of t h e  Aardvark event by Knox, et .  .al., indicated 

tha t  a quclear detanab%ion in nearly saturated rock may create a ground-water 
* 

wund by compaction of the mck. l h e i r  calculatlons indicated tha t  a f t e r  

Aardvark ground water initially flowed inward toward the chimney f o r  a 

period of days and then flowed~radlally outward w i t h   earl^ veloci t ies  

. appf imate ly  200 times pre-shot veloci t ies ,  After about 400 days, ground 
u 

water velocities had decllned . ta l e s s  than t h e i r  ' pre-shot .values(l4). . 

. A  pd water mound i s  a mund-shaped i r r e g u l a r i t y  i n  the water 

table (or .  gmund water f r ee  surface) and in  the sense used here would 

occur only i n  sdturated m d a ,  



p u  l f l  h b  - 
~f t h e  de tona t ion  i s  assumed to , c rea teda  ground wa te r  mound 

4 .  
t h a t  pFoduce.d ground water  v e l o c i t i e s  200 t imes g r e a t e r  than  

'w' normal, t h e  i n i t i a l  and peak v e l o c i t y  of  f l o w  would be  about  

150 fee t /yea r .  Assuming t h a t  t h i s  increased  v e l o c i t y  p e r s i s t s  

i n d e f i n i t e l y  and t h a t  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  t h e  

Mesaverde sandstones and ground waters  a r e  equa l  t o  t h o s e  

r e p o r t e d  by I s o t o p e s ,  Inc .  f o r  Gasbuggy sandstones ( 1 5 ) ,  t h e  

d i s t a n c e .  which Cs-137 and Sr-90 would' move b e f o r e  r a d i o a c t i v e  

decay reduces t h e i r  concentrations t o  t h e ' . c o n c e n t r a t i o n  

gu ides  can be p red ic ted .  

The r e l a t i o n s h i p  be tween the  average ground water  v e l o c i t y ,  v,. 

and t h e  e f f e c t i v e  v e l o c i t y  v '  o f a  g iven  rad ionuc l ide  i n .  ground 

water  i s  (241  

Equation D-2 

b 
WHERE : 

. Kd 
= D i s t r i b u t i o n  c o e f f i c i e n t  f o r  the  p a r t i c u l a r  . - 

r ad ionuc l ide  f o r  a g iven  combination of rock 

and ground wa te r ,  i n  ml/g 

m = Bulk d e n s i t y  of t h e  rock or a q u i f e r ,  g/cc 

I s o t o p e s ,  Inc .  r epor ted  v a l u e s  of Kd f o r  Gasbuggy sandstone 

and ground water  of approkimately 100 f o r  C s - 1 3 7  and 1.4 f o r  

Sr-90. ( 1 5 ) .  CER Geonuclear r e p o r t e d  an average overburden 

d e n s i t y  o f  2 .35  g/cc and a c o r e  , g r a i n  d e n s i t y  of 2  -67 g/cc 

f o r  t h e  Rulison s i te  ( 1 0 ) ;  a s  assumed bulk d e n s i t y  of  2.4 

g/cc seems reasonable .  .Using t h e s e  va lues  t h e  r a t i o  ( v / v l )  i s  



v/v l  . - - 4.2 x for Cs-157 and 

V/V' = 0.029 for  Sr-90 

The d i s tance  t r a v e l l e d  by Cs-137 be fore  its concentrat ion  

decays t o  the  concentrat ion guide o f  0 .67  x vCi/rnl 
. would be . l e s s  than 30 f e e t ,  and Sr-90 would move a b a t  0.:47 

m i l e s  before  decaying t o  the concentrat ion  guide o f  1 x 

,C i / m l  . 
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